Abstract: New coordination polymers, formulated as {[Zn( µ -sipH)( µ -apim)] · 3H 2 O} n (1) and
Introduction
The synthesis of new coordination polymers is attracting interest, due to their intriguing structural diversities and potential applications in gas adsorption and separation, their catalytic activities, and for sensor technology.
1−5 Photoluminescent Zn(II) and Cd(II) coordination polymers have recently attracted attention because of their potential as photoactive materials. 6 Investigations of the photoluminescent properties of coordination polymers with d 10 metal ions reveal that their behaviors are associated with the metal ions and the organic ligands coordinated with them. 7, 8 In addition, photoluminescent d 10 metal complexes have much more benefits such as higher thermal stability and emitting intensity over organic ligands. 9 These coordination polymers can be synthesized depending on the combination of metal ions, polycarboxylate, and N-donor connecting ligands. In the synthesis of coordination polymers, conventional synthesis, solvothermal/hydrothermal, microwave-assisted, sonochemical, electrochemical, and mechanochemical methods have been applied. 10 Among these methods, solvothermal/hydrothermal synthesis is the most important and common tool to obtain new, highly robust, and extended coordination polymers in single crystal form.
11,12
5-Sulfoisophthalic acid (sipH 3 ) is one such interesting ligand and has two functional groups, -SO 3 H and -COOH. Partly or fully deprotonated sipH 2− and sip 3− are useful building blocks for constructing coordination polymers and act as a versatility ligand and coordinate to metal ions as bridging ligand. 13−16 On the other hand, to obtain coordination polymers with interesting structures a useful strategy is to use flexible imidazolecontaining ligands. 17, 18 It was reported that 1-(3-aminopropyl)imidazole (apim) as a flexible bridging ligand that possesses two different types of nitrogen donor, that is imidazole and amine groups, was used to construct coordination polymers. To date, few examples are reported concerning apim ligands though corresponding studies are attractive.
19−22
Keeping these facts in mind we used here 5-sulfoisophthalate, which have two carboxylate and sulfo groups, as a primary ligand and 1-(3-aminopropyl)imidazole as secondary ligand to form coordination polymers with Zn(II) and Cd(II) ions. Their structures were determined by single crystal X-ray diffraction analyses. The crystal structures of these complexes, along with the effect of the 1-(3-aminopropyl)imidazole, 5-sulfoisophthalate, and the metal ions on the structure of coordination polymers are discussed herein. In addition, the thermal analysis and luminescent property of complexes were also investigated.
Results and discussion

Spectral characterization
The complexes were investigated by FT-IR spectroscopy ( Figure 1 ). The presence of water molecules in the complexes gave rise to broad absorption bands at 3406 and 3418 cm −1 , respectively. The weak bands observed in the 3132-2963 cm −1 region are due to aromatic and aliphatic C-H stretching vibrations. 25 Owing to the luminescent properties of d 10 complexes, the emission spectra of complex 1 and 2 and its ligand (NasipH 2 ) in the solid state were investigated at room temperature ( Figure 2 ). NasipH 2 shows luminescence with an emission band maximum at 323 nm upon excitation at 280 nm, which is attributed to the π * → n transition. Complexes 1 and 2 exhibit intense fluorescent emission bands at 451 nm and 431 nm upon excitation at 339 nm and 344 nm. Therefore, the emission of complexes may be attributed to ligand centered luminescence emission. A similar emission band at 439 nm 
Crystal structures
The relevant crystal data and experimental conditions with the final parameters are summarized in Table 1 . Details of these interaction distances are given in Tables 2 and 3 . Table 2 . Selected bond distances (Å) and angles ( • ) , hydrogen-bond parameters, and π · · · π interactions distances for 1. 80 .00 (7) O9-Cd1-O4
ii 84.72 (9) O1-Cd1-O3 ii 132.59 (7) O9-Cd1-O3 (Table 3) . 
{[Cd( µ -sip)(H 2 O) 2 (apimH)]·3H 2 O} n (2)
The X-ray crystallographic analysis shows that 2 crystallizes in the triclinic space group P-1 and has an infinite 1D structure. As shown in Figure 6 , a crystallographically independent Cd(II) ion is surrounded by a distorted pentagonal bipyramidal geometry with four oxygen atoms [O1, O2, O3 i , and 
Thermal analysis
The synthesized complexes are stable in ambient conditions, and thermogravimetric experiments (TG, DTG, The total mass loss at 583
• C is 77.45% (calc. 77.54%), which is consistent with CdO as the end product for 2. Figure 10 . TG, DTG, and DTA curves of complex 1.
In conclusion, two new coordination polymers were hydrothermally synthesized by utilizing the 1-(3-aminopropyl)imidazole (apim) and 5-sulfoisophthalate (sip) ligands. The complexes were characterized by elemental analysis, FT-IR spectroscopy, photoluminescent spectroscopy, and thermal analysis. Their structures were determined by single crystal X-ray diffraction technique. In 1, the coordination geometry around the Zn(II) ion can be described as a distorted tetrahedral, while in 2, the seven-coordinated Cd(II) ion can be defined as a distorted pentagonal bipyramidal. The Zn(II) centers are linked by sipH ligands to form the 1D polymer chain structure of 1. The adjacent Zn(II) ions are connected by two apim ligands to form the 1D nanotubular structure of 1. The Cd(II) ions are bridged by sip ligands to generate 1D coordination polymer in Figure 11 . TG, DTG, and DTA curves of complex 2.
2.
Rarely observed water-sulfate bridges play an important role in the supramolecular structure of 2. In the complex 2, the NH 2 -group of apim ligand is protonated because it is not coordinated to the Cd(II) center;
when it comes to complex 1 the NH 2 -group of apim ligand is coordinated by Zn(II) and therefore the free SO 3 -group of sipa ligand is protonated. Moreover, complex 2 is the first example of a sip coordination polymer having protonated 1-(3-aminopropyl)imidazolium (apimH) ligands. 
Materials and measurements
All chemicals were commercially available and used without further purification. Elemental analyses (C, H, and N) were performed on a PerkinElmer 2400C Elemental Analyzer. IR spectra were recorded on a Bruker
Tensor 27 FT-IR spectrometer using KBr pellets in the range of 400-4000 cm −1 . Thermal analyses (TG, DTG, and DTA) were carried out with a PerkinElmer Diamond TG/DTA Thermal Analyzer in static air atmosphere with a heating rate of 10 • C/min in the temperature range of 30-700
• C. The photoluminescence (excitation and emission) spectrum for the solid complexes sample was determined with a PerkinElmer LS-55 Fluorescence spectrometer.
Crystallographic analyses
Suitable crystals of 1 and 2 were selected for data collections, which were performed on a Bruker D8-QUEST diffractometer equipped with graphite-monochromatic Mo-Kα radiation at 296 K. The structures were solved by direct methods using the programs OLEX2 37 and SHELXS-97 38 with anisotropic thermal parameters for all nonhydrogen atoms. All nonhydrogen atoms were refined anisotropically by full-matrix least-squares methods in SHELXL-97. 38 In complex 1, a reasonable structural method could not be found for determination of three noncoordinating water molecules and so the data were corrected by applying the "solvent mask" in OLEX2
37
Molecular drawings were obtained using MERCURY. 
